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Summary and general discussion
Plasmid biology has been an important field of research in both Gram* and Gram-
bacteria for many years, because thorough knowledge of plasmid biology is of
eminent importance in the framework of biotechnology. The Gram* lactic acid
bacteria carry a wide variety of plasmids and many of the traits, for which these
bacteria re used in food manufacturing are plasmid encoded. A major disadvantage
of plasmid-associated traits is that these are often unstable due to plasmid loss. An
important factor contributing to stable plasmid maintenance concerns faithful
replication. Two types of plasmid replication have been identified: (i), rolling-circle
(RC) replication; and (ii), theta replication. To ensure faithful replication, RC
plasmids require the presence of the replication protein Rep and its cognate double-
strand origin (DSO), where replication is initiated. In addition, they carry a single-
strand origin (SSO) that enables efficient conversion of single-stranded DNA
(ssDNA) replication intermediates, which are generated during RC replication, to
their double-stranded form. SSOs are not essential for replication, but their absence
very often leads to reduced plasmid maintenance. Theta replicating plasmids do not
replicate via ssDNA intermediates. Plasmids of this type are often maintained at
copy numbers that are too low to ensure their stable inheritance through random
distribution to daughter cells during cell division, and therefore require additional
functions to ensure their stable propagation. A number of such functions have been
identified, primarily in plasmids from Escherichia coli.
This thesis focusses on plasmids of lactococci, an important group of lactic acid
bacteria. In order to acquire a better understanding of the mechanisms that underly
lactococcal plasmid instability, more knowledge of their replication is required.
Research on lactococcal plasmids has, however, for a long time been impeded by
the lack of adequate gene transfer systems for these bacteria. Since the introduction
of protoplast ransformation and conjugation systems and, more recently, the
development of electrotransformation protocols forwhole cells, lactococcal plasmids
have become more amenable to both fundamental and application-oriented
researcn.
Chapter I of this thesis gives a general overview of known plasmid replication
mechanisms, and on the additional systems that contribute to their stable
inheritance. lt also summarizes the progress that has been made in the field of
lactococcal plasmid research. Many industrially important, plasmid-located, genes
have been identified. The instability of some of these genes is a major concern for
industry and much research was focused on mechanisms that can stabilize these
genes. For a number of genes, stabilization has been achieved by their integration
into the host chromosome.
Two plasmid families have been identified in lactococci sofar, one of the RCtype
and one of the theta-type. Chapters l land l l l focus on one member of the RC family,
pV\ /O1. In chapters lV, Vand Vlthe isolation and characterization of the replication
region of a number of closely related plasmids that have been identified as theta-
replicating plasmids, is described. The prototype of this family is pVWO2.
Plasmids used for genetic modification and genetic analysis of lactococcal
strains were initially derived from the endogenous plasmids p\M/Ol and pSH71.
Both belong to the family of RC plasmids. The identification of p\AA/Ol as a member
of this family was based on nucleotide sequence analysis and the detection of
ssDNA replication intermediates. These studies are presented in Chapter ll. The
nucleotide sequence of p\AA/O1 revealed four open reading frames (ORFs). The first
(ORF B) is now believed to be non-functional since it is not preceded by appropriate
transcriptional or translational start sequences. ORF C specifies a gene-product
involved in the copy-number control of this plasmid (Cop), while ORF A encodes the
replication initiation protein Rep. The function of ORF D is unknown. This ORF is
likely to be expressed since it is preceded by an appropriate ribosomal binding site
and lies within the putative transcriptional unit from which also ORF C and ORF A
are expressed.
Chapter ll l describes the identification of the SSO of pVWOI and some of its
features are discussed. This SSO consists of two inverted repeated sequences (lRs)
and shows partial insensitivity to rifampicin, indicating that, in addition to an RNA
polymerase-dependent route, an RNA polymerase-independent route exists for
ssDNA conversion of p\AA/O1. This SSO is of a new type and was named SSO*.
ln chapter lV a method is described that was developed for the isolation of
sequences that contribute to the stable inheritance of plasmids. Three different
classes of plasmids with improved maintenance properties were isolated. One class
resulted from a plasmid mutation that affected its copy number. The other two
classes resulted from the insertion of stability-promoting sequences. One of these
constituted a srte-specific plasmid-encoded resolvase, which was already known to
improve the stability of the test plasmid. The other constituted the replication
functions of the lactococcal plasmid plL7.
Chapters V and Vl focus on plasmids derived from strain L. lactis subsp.
cremoris Wg2, the strain that also harbours p\AA/O1. The nucleotide sequences of
the replication regions of the cryptic plasmids p\AA/O2 and pV\A/O4 and the
proteinase-encoding plasmid pV\A/O5 were determined. The nucleotide sequence
analysis and characterization of these regions from pVWO4 and pV\A/OS, as well as
that of the replication region of pll7, are presented in Chapter Vl. All appeared to
carry similar sequences. In addition, the nucleotide sequences of a number of other
lactococcal plasmids howed a high levelof sequence similarity with these plasmids.
pV\A/O2 was shown to replicate via a theta mechanism. The results of these studies
are presented in Chapter V. They showed that all plasmids belonging to this family
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use a similar replication mechanism. The organization of these replication regions
resembles that of class A type plasmids, which consists of an ori-region from which
replication is generally initiated, and an ORF, which encodes a protein required for
replication. Although replication from these origins is predominantly unidirectional,
our results provided no proof that this is the case for p\AA/O2 related plasmids.
Plasmids replicating via a theta mechanism usually have superior stability and
cloning properties compared to plasmids replicating via an RC mechanism.
Therefore plasmids of the pVWO2 family are likely candidates for the development
of stable, food-grade, host-vector systems forthe genetic modification and possible
improvement of industrially important lactococcal strains. A first generation food-
grade pfasmid, based on p\AMO2 and the sucrose genes of Pediococcus acidilactici,
has already been developed and its use for the cloning of genes encoding
industrially desirable traits is currently under investigation.
